The essential oils of the fresh rhizomes; flowers; and leaves of Zingiber kerrii Craib were investigated using different extraction techniques; including solid-phase microextraction (SPME), hydrodistillation (HD), and organic solvent (OS), and characterized by gas chromatography-mass spectrometry (GC-MS). A total of 37 SPME; 19 HD; and 36 OS compounds were identified from the rhizome extract of Z. kerrii; with the major components being α-pinene; β-pinene; and terpinen-4-ol; respectively. From the flower extract; 16 SPME; 2 HD; and 10 OS compounds were identified; (E)-caryophyllene was found as a major compound by these techniques. The leaf extract exhibited 20 SPME; 13 HD; and 14 OS compounds; with α-pinene; (E)-caryophyllene; and n-hexadecanoic acid being the major compounds; respectively. The rhizome extract showed tyrosinase inhibitory activity of 71.60% and a total phenolic content of 22.4 mg gallic acid/g. The IC 50 values of the 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2 -azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) assays were 25.2 µg/mL and 153.6 µg/mL; respectively; and the ferric ion reducing antioxidant power (FRAP) assay value was 318.5 µM ascorbic acid equivalent (AAE)/g extract. The rhizome extract showed weak antibacterial activity. This extract showed no adverse toxicity in human keratinocyte (HaCaT) cell lines at concentrations below 200 µg/mL.
Introduction
Zingiberaceae is a large family containing approximately 50 genera and over 1200 species distributed throughout the tropical countries [1] [2] [3] . This family is known to produce complex mixtures of volatile substances. The traditional essential oils from these plant species are obtained from different extractions, including hydrodistillation, steam distillation, and solvent extraction [4, 5] . Organic solvent (OS) extraction is suitable for delicate raw materials, including flowers. Hydrodistillation (HD) is a common technique for the extraction of essential oils from rhizomes and aerial parts [4] . In addition, solid-phase microextraction (SPME) is a rapid, simple, inexpensive, and solvent-free technique. SPME requires little raw material and obtains only highly volatile compounds [6, 7] , whereas HD and OS extraction may lose some highly volatile compounds during solvent removal via Soluble compounds from all of the fresh Z. kerrii parts were extracted using n-hexane as a solvent. A total of 50 g of each sample was weighed and suspended in 300 mL of solvent, then shaken for 6 h in an electronic shaker at room temperature. Whatman No. 1 filter paper was used for filtering. The solvent was removed via reduced pressure with rotary evaporator at 40 • C, then stored at 4 • C for further studies.
Rhizome Extraction
Dried rhizomes (1 kg) were extracted three times with ethyl acetate (EtOAc) for 72 h at room temperature. The resulting mixtures were filtrated, then the solvent was removed at 40 • C using a vacuum to produce the EtOAc extract (7.67 g), which was stored at 4 • C for further studies.
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
The volatile components of essential oils were performed by GC-MS using the Hewlett Packard model HP6890 gas chromatograph (Agilent Technologies, Santa Clara, CA, USA) with an HP model 5973 mass-selective detector. The analyses were carried out using a capillary column (30 m × 0.25 mm i.d., film thickness 0.25 µm; Agilent Technologies) of HP-5ms (5% phenylpolymethylsiloxane). The temperature program was set at 60 • C and increased to 220 • C at a rate of 3 • C/min. The temperatures of the injector and the detector were set at 250 • C and 280 • C, respectively. The carrier gas was purified helium (99.99%) at a flow rate of 1 mL/min in split mode 1:70 with an injection volume of 1 µL, which was injected 3 times. For electron ionization, mass spectra were used with an ionization energy of 70 eV and ionization voltages over the range of m/z 29-300. The electron multiplier voltage was 1150 V. The ion source and the quadrupole temperatures were set to 230 • C and 150 • C, respectively. The volatile components were identified by comparing their Kovát retention indices relative to the C 8 -C 20 n-alkanes standard and comparing the mass spectra of individual components with the reference mass spectra via Wiley and National Institute of Standards and Technology (NIST) database matching. The relative concentrations of the volatile compounds were investigated using a percent relative peak area, as shown in Table 1 .
Total Phenolic Content Assay
The total phenolic content was determined with the Folin-Ciocalteu assay. The Folin-Ciocalteu reagent was diluted 10-fold with Milli-Q water prior to use [24] . The extracts were prepared at a concentration of 1 mg/mL in ethanol. One hundred microliters of sample was added to 750 µL of the Folin-Ciocalteu reagent and mixed well. The mixture was incubated at room temperature for 5 min, then 750 µL of 6% (w/v) sodium carbonate was added to the mixture and incubated for 90 min at the same conditions. The absorbance of the mixture was monitored at 750 nm using a UV-Vis Genesys 30 Visible spectrophotometer (Thermo Fisher Scientific, Fitchburg, WI, USA). Gallic acid (5, 10, 25, 50 , and 100 µg/mL) was used as a positive control to generate a standard calibration curve. The total phenolic content was expressed as gallic acid equivalents in grams per 100 g extract (GAE/100 g).
DPPH Free Radical Scavenging Assay
One hundred microliters of sample at serially diluted concentrations (5, 10, 25, 50 , and 100 µg/mL in methanol) was added to 100 µL (6 × 10 −5 M) of DPPH methanolic solution, mixed well, and incubated in the dark at room temperature for 30 min. The absorbance of the reaction solution was measured at 517 nm using the microplate reader (Biochrom Asys UVM 340 Microplate Reader, Biochrom, Cambridge, UK). Ascorbic acid at serially diluted concentrations (0.5, 1, 2, 4, and 8 µg/mL in methanol) was used as the positive control. The DPPH radical scavenging activity was expressed as the inhibitory concentration at 50% (IC 50 ), which was calculated in comparison with the ascorbic acid [25] .
ABTS Radical Cation Scavenging Assay
The working solution of ABTS radical cation (ABTS + ) was prepared by reacting 7 mM of ABTS with 2.45 mM of potassium persulfate and allowing the mixture to stand in the dark at room temperature for 16 h before use. Prior to the assay, the working solution of ABTS + was diluted with ethanol to an absorbance of 0.70 ± 0.05 at 734 nm to give the ABTS + solution. Twenty microliters of serially diluted sample (50, 100, 150, 200, and 300 µg/mL) was mixed with 180 µL of ABTS + solution. The reaction of mixture was allowed to stand in the dark at room temperature for 5 min, then the absorbance of the reaction solution was measured at 734 nm. Serially diluted concentrations of ascorbic acid (1.5, 3, 6, 12, and 25 µg/mL) were used as the positive controls. The ABTS radical cation scavenging activity was expressed as the inhibitory concentration at 50% (IC 50 ), which was calculated in comparison with ascorbic acid [26] .
Ferric Reducing Antioxidant Power (FRAP) Assay
The working solution of FRAP was prepared by mixing 300 mM of sodium acetate buffer at a pH of 3.6 with 10 mM of TPTZ (solution in 40 mM of HCl) and 20 mM of ferric chloride solution in the proportion 10:1:1 (v/v). The FRAP reagent was prepared fresh daily and warmed at 37 • C in a water bath for 15 min prior to use. Fifty microliters of sample was added to 1.5 mL of FRAP reagent and incubated in the dark at room temperature for 5 min, then the absorbance of the reaction solution at 593 nm was recorded. Ascorbic acid at serially diluted concentrations (50, 100, 200, 300, and 400 µM) was used to generate a calibration curve. The results were expressed as µM ascorbic acid equivalents per gram of extract [27] .
Cytotoxicity Assay
Human keratinocyte cells (HaCaT) were seeded at a density of 2 × 10 4 cells/well into 96-well plates and allowed to adhere overnight. Then, cells were treated with increasing concentrations of plant extracts (12.5-200 µg/mL) for 24 h at 37 • C in 5% CO 2 . MTT solution (5 mg/mL) was added to each well and incubated for another 4 h at 37 • C before dissolving the formazan product in 10% SDS-0.01M HCl. Finally, absorbance was measured at 595 nm after 24 h using a microplate reader (EnVision Xcite 2103-0020 Multilabel Plate Reader, Perkin Elmer, MA, USA). The viability of the cells was reported as the mean ± SD of three independent experiments performed in quadruplicate ( 
Inhibition of Tyrosinase Assay
The tyrosinase inhibition activity was determined using a slightly modified dopachrome method with L-DOPA as the substrate [32, 33] . Briefly, 50% DMSO was used to dissolve plant extracts at a concentration of 10 mg/mL. A 40 µL sample was added to 80 µL of 0.1 M phosphate buffer (pH 6.8), then 40 µL of tyrosinase from mushroom, enzyme commission number 1.14.18.1 (48 units/mL), and 40 µL of L-DOPA (2.5 mM) were added and incubated for 30 min at room temperature. Each sample was accompanied by a blank sample containing all of the components without L-DOPA. The absorbance was measured at 490 nm, with kojic acid used as the positive control. Finally, the inhibition of tyrosinase was calculated ( Table 2 ).
Statistical Analysis
The statistical analyses were performed using IBM SPSS Statistics, version 23 (IBM Crop.). The principal component analysis (PCA) was conducted to reveal interrelationships between plant parts and extraction methods based on measured characteristics. A two-way analysis of variance (ANOVA) was used to compare the volatile constituents exhibited by plant parts after various extraction methods.
Results and Discussion

Essential Oils Composition
The yields of essential oils (v/w) from HD and OS extracts of fresh rhizomes, flowers, and leaves of Z. kerrii were (0.4%, 0.6%), (0.2%, 0.3%), and (0.2%, 0.3%), respectively. Rhizomes represented the highest percentage of essential oil yields using the OS technique. The chemical compositions of rhizomes, flowers, and leaves essential oils are shown in (Table 1) . GC-MS analysis of Z. kerrii rhizome essential oils showed 37, 19, and 36 different components using the SPME, HD, and OS techniques, respectively, of which 95.5%, 96.9%, and 90.8% were identified. The essential oils were mixtures of six chemical classes including monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene hydrocarbons, oxygenated sesquiterpenes, diterpene hydrocarbons, and fatty acid esters. The major components were α-pinene (22.1% ± 0.6%, 24.3% ± 1.6%), β-pinene (17.2% ± 0.7%, 33.1% ± 2.5%), sabinene (12.3% ± 1.7%, n/a), and (E)-β-ocimene (8.1% ± 0.3%, 7.8% ± 0.5%) using the SPME and the HD techniques, respectively, whereas the major components of the OS technique included β-pinene (7.7% ± 1.1%), (E)-β-ocimene (4.1% ± 0.8%), terpinen-4-ol (11.5% ± 0.6%), germacrene B (4.2% ± 0.6%), caryophyllene oxide (4.4% ± 0.7%), and n-hexadecanoic acid (8.7% ± 0.9%). The flower essential oils showed 16, two, and nine compounds, of which 99.1%, 97.2%, and 97.1% were identified. The main compound was E-caryophyllene (58.1% ± 1.3%, 94.8% ± 0.9%, 74.2% ± 1.5%), which was identified via the SPME, the HD, and the OS techniques, respectively. The SPME technique showed α-pinene (22.2% ± 1.8%) and β-pinene (8.6% ± 1.1%) as dominant compounds, but n-hexadecanoic acid (14.9% ± 0.4%) was as a major compound identified by the OS technique. The isolated essential oils of leaves contained 20, 13, and 14 components, which represented 95.4%, 91.8%, and 93.1% of the total oil compositions, respectively. Most of the compounds in the leaves belonged to five chemical classes, which are listed in (Table 1 ). The major components of the essential oils in the leaves were α-pinene (39.7% ± 0.7%), β-pinene (6.3% ± 0.5%), and (E)-caryophyllene (21.2% ± 0.8%) using the SPME technique, but the HD technique identified β-elemene (12.2% ± 1.3%), (E)-caryophyllene (24.2% ± 1.6%), and valencene (21.2% ± 1.3%) as the major components. (E)-caryophyllene (6.0% ± 0.8%), isodaucene (4.2% ± 0.9%), and n-hexadecanoic acid (55.7% ± 1.3%) were identified as the main compounds when the OS technique was used.
The essential oil compositions of Z. kerrii (Table 1) were different according to the extract technique used. (E)-Caryophyllene was the main compound seen in the flowers as identified by several techniques, with the exception of the SPME technique in the rhizomes. In addition, α-pinene and β-pinene were found in several parts, except the flowers when the HD and the OS techniques were used. The results revealed that the HD and OS techniques lost some highly volatile compounds during the process of extraction [5, 8, 9] . The main compounds usually reported from Z. officinale include zingiberene, geranial, and other sesquiterpene hydrocarbons [34, 35] , whereas literature data on the compositions of Z. zerumbet leaves reported (E)-nerolidol, α-pinene, and β-pinene as the main compounds [36] . In our results, α-pinene, β-pinene, and (E)-caryophyllene were found to be the major constituents of Z. kerrii, which corroborated previous literature reports of Z. zerumbet leaves [36] . This work is the first investigation into the chemical compositions of essential oils from several parts of Z. kerrii using different techniques. [37] ; LRI Cal.: experimentally determined; MS: identification by mass spectral database match with National Institute of Standards and Technology (NIST) and Wiley; LRI: linear retention index using the HP-5ms column (experimentally determined using the C 8 -C 20 n-alkanes standard); AD: Adams database match [37] ; nd: not detected; HD: hydrodistillation; OS: organic solvent; SPEM: solid-phase microextraction. Values are mean ± standard deviation (SD), n = 3.
Statistical Analysis of Z. kerrii Volatile Components
PCA was used to determine the differences in the obtained volatile components of Z. kerrii according to the plant part and the extraction technique (Figures 1 and 2) . The principal components (PC) were selected according to the highest significance and the explanation of the variation. In the PCA results, all samples were separated into three clusters in the PCA score plot according to the main components (Figure 1) . The PCA score plot revealed that the essential oil compositions were associated with the plant part and the extraction method as well as PC1 and PC2. PC1 explained 44.5% of the total volatile component variation and PC2 accounted for 24.0%. The flowers and the leaves exhibited similar major components, but the rhizomes were different. The extraction methods markedly impacted the chemical compositions of essential oils. As shown in Figure 2 , the negative axis was highly influenced by α-pinene, β-pinene, (E)-caryophyllene, β-elemene, α-zingiberene, valencene, (E)-β-ocimene, terpinen-4-ol, α-humulene, linalool, and myrcene, all of which were present in large amounts. This was considered to be the strongest determinant of chemical composition identification.
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Antioxidant Activities and Total Phenolic Content
The total phenolic content and antioxidant activity of the Z. kerrii rhizome extract were evaluated using DPPH, ABTS, and FRAP assays. The total phenolic content of the extract was low, at 2.2 ± 0.1 mg GAE/100 g extract. Regarding antioxidant activity, the extract showed IC 50 values of 143.5 and 169.7 µg/mL using the DPPH and ABTS assays ascorbic acid was used as a positive control, with IC 50 values of 1.6 ± 0.8 and 5.2 ± 0.8 µg/mL, respectively. The FRAP were also low, at 0.3 ± 0.01 mM AAE/g extract, as shown in Table 2 . Phenolic compounds are secondary metabolites in plants that show strong antioxidant activities [38] . They play important roles in neutralizing free radicals, thereby preventing oxidative damage. Previous research revealed that a relationship between the phenolic content and the antioxidant activity. In this study, the Z. kerrii rhizome contained a small amount of phenolic compounds. The chemical compositions of the Z. kerrii essential oils showed that terpenoid was a main compound. Similarly, previous studies reported that the phenolic content in leaves was higher than in rhizomes [39] , providing the reason why the lowest antioxidant activity was indicated by those assays.
In Vitro Cytotoxicity
To assess cytotoxicity, HaCaT cells were treated with increasing doses of extract, after which cell viability was estimated using the MTT assay. Percentage of cell viability is reported as the mean ± SD of three independent experiments. The cytotoxicity of the extract at a concentration of 200 µg/mL demonstrated a cell viability of 23.1% ± 10.4%, whereas lower concentrations of extract did not inhibit the growth of the cell lines ( Table 3 ). The results revealed that Z. kerri extract was non-toxic to the cells in a concentration range of 12.5-100 µg/mL. Note: values are the mean ± SD, n = 3.
Antibacterial Activity
The antibacterial activity of the extract was assayed in vitro using the Mueller-Hinton broth microdilution method against eight types of resistant bacteria. The extract showed the smallest MIC value only to S. aureus and S. typhimurium in concentrations of 640 µg/mL with less activity toward
